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INTRODUCTION 
In 1946, a scale Insect, described as Matsucoocus 
reslnosae by Bean and Godwin in 1955* was found killing 
red pine trees in Easton, Connecticut. Ibis scale has 
'i. .h. f -»*'y i *. * * . ‘ ; -* *•/'' • ' ’ • ; •• 
spread slowly through southern Connecticut and lew York 
and northeastern New Jersey. Several workers have in¬ 
vestigated the effect of this scale on the host plant 
and the biotic factors which could serve in reducing 
" ■_' ./ . ■' ' i 
populations of the scale. All these workers observed 
that a hemipterous insect, Elatonhllus inlmlca (Drake and 
Harris), was the most abundant and apparently the most 
Important biotic factor associated with this scale. 
This problem was undertaken primarily to study the 
biology of Elatonhllus inlmlca and to attempt an evalua¬ 
tion of its potential importance as a biotic factor 
Halting populations of M. rgslnogae. 
‘ . J h ' . t f, .■?> •% *• * n * ... (" \ 
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LITERATURE REVIEW 
The genus Hatophllus was described by Reuter In 1884. 
Elatophllus was first recognized in the nearctic region by 
Blatchley (1928). However, Drake and Harris (1926) estab¬ 
lished the genus Xenotraohellella with E. inlmioa as the 
holo-type from a single female specimen collected in Ithaca, 
New York. No host plant or prey association was recorded. 
Xenotraohellella was synonomized with Elatophllus by Anderson 
and Kelton (1962). 
Four other species of Elatophllus are reported In the 
United States; vlcarla (Drake and Harris), Michigan; oculata 
(Drake and Harris), Arizona; plnaphllus (Blatchley), Florida; 
and Pullus (Anderson and Kelton), Pacific Northwest. Thus 
this genus is widespread In the United States. 
Bean and Godwin (1955)# Hartzell (1957)# and Duda (1961) 
mention the association of E. inlmica and the possibility of 
its being a biotic factor having an effect on the populations 
of the red pine scale Matsucoccus reslnosae B. & G. Bean and 
Godwin (1955) reported this anthoeorid to be very abundant on 
all scale-infested trees and that they reared it on all 
stages of the scale, with a preference having been shown for 
the eggs and first stage larvae. Duda (1961) reported the 
anthooorid feeding on all stages of the scale, with a pre- 
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ference having been shown for the egg, first stage larvae, 
and adult female. He also reported that there appeared to 
be one generation annually, with nymphs appearing in mid-May 
and adults in late summer and fall. Eggs were believed to 
be laid in the fall and to overwinter on the trees with 
hatching occurring in mid-May. He suggested a negative 
phototropic response due to the insect’s cryptic behavior. 
It was not determined whether this predator had been in the 
area feeding on some other host or if it came in following 
the establishment of the red pine scale (Duda 1961). 
Other predators associated with M. resinosae are small 
orange-colored ceeidomyld larvae, larvae of a ohrysopid 
(Chrysopa sp.), a hemeroblid (Kemeroblus stigmatus Fitch), 
the larvae of a cocolnellid, Mulsantlna olota (Rand), a 
small black ant Orematogaster oerasl (Fitch), mites of the 
genus Anystis# several species of spiders, and nuthatches 
(Bean and Godwin 1955, Duda 1961). 
M. resinosae (Homoptera* Margarodldae) was first 
observed damaging and killing red pine trees in Easton, 
Connecticut in 1946 (Plumb 1950). Two years later it was 
reported on long Island, Hew York. In I960 this scale was 
found in Bergen and Passaic counties, Hew Jersey. Surveys 
conducted by state agencies have shown that the scale migrates 
outward to other locations in all directions from the locus of 
the earliest infestation (Duda 1961). 
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This scale has two generations per year with a 
considerable degree of overlap among life stages and 
generations (Bean and Godwin 1955* Duda 1961). Seasonal 
life tables prepared by Bean and Godwin, and Duda closely 
approximate one another; some variation in appearance of 
life stages does exist. In fact Duda (1961) found that 
development differed by as much as two and one half weeks 
in areas about 30 miles apart. 
*\ 
In his studies, Duda used that portion of a branch 
comprising the last five years growth as a sampling unit. 
All scales and their stages of development were recorded 
for one Inch of each of five years * Internodes measured 
from the mid-point* and for one inch of nodal area (one 
half Inch on each side of the node). When the internode 
being examined was less than two inches, the node area 
was examined as described and the remaining area was 
counted as the internode. The years* growth included in 
the sample were the five years preceding the current one. 
Dispersal rate is slow. Wind is a definite factor 
in the dispersal of K. reslnoaae (Bean and Godwin 1955* 
Duda 1961). Duda mentions vehicles of transportation as 
an important dispersal mechanism. Mortality within a 
single generation from physical factors, predators, and 
i. 5. -$■?:> . f f": J y- .i *■ .&• . • 
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Intraspecifle competition is normally quite high (Duda 1961)* 
Hartzell (1957), working on cold hardiness of the scale in 
the laboratory, showed that exposure to temperatures of -10°? 
to -29°P for four to seven hours killed over 90% of the over¬ 
wintering population, and that repeated exposures to -lO0!1 
killed 99#. Duda (1961) reported mortality for the over- 
wintering sessile stage on study areas to range from 96.39 to 
99.84# during the winter of 1960-61. It has been postulated 
that inability to withstand low temperatures is a limiting 
factor in the northern and westward dispersal(Hartzell 1957). 
There are 23 known species of MatsucoccuB in the world, 
and all are confined to host plants in the genus Plnus (Duda 
1961). Hartzell (1957) was able to establish M. reslnosae 
on seedlings of P. densiflora Slab, and Zuco., and P. 
i* • 'v' (•. ! 1 
tabulaeformis Garr.. in an arboretum, Duda (1961) reported 
M. reslnosae on a single Japanese black pine, P. thunbergll 
Pari., in Stamford, Connecticut and it was found on this 
host on Long Island in 1964. Hartzell (1957) was not able 
to establish this scale on seedlings of P. thunberall. 
■ ' • , . 1 . a i ■ * . • ' - y‘ 1 • ' '* . • » 
Prior to the discovery of M* reslnosae. only one other 
species of Matsuooccus was found in the northeastern United 
States. This was J|, gallicolus Morrison, a serious pest of 
Plnus rlalda Mill. Parr (1939) studied the biology and effects 
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of this Insect on the host plant, and mentioned a hemlpteron 
as predacious on it. 
Bodenheimer and Heumark (1955) mention Anthoooris 
nemorum L. as an aggressive predator of Matsucooous josephl 
Bodenheimer and Harpaz in Israel. This is the only recorded 
case of an anthocorid being predacious on a species of 
Matsuoocoua other than JB. inlmloa. 
Anthocorlds may have one or more generations per year. 
The number of generations will vary with the species, geo¬ 
graphical distribution, and availability of preferred or suit¬ 
able prey. Hill (1957) reported A. nemorum as univoltine in 
Scotland, while in England it is definitely bivoltine. 
Anderson (1962a) believed that Anthocorls sp. was forced into 
a reproductive diapause because suitable prey was not avail¬ 
able at the appropriate time. Some species of anthocorlds 
apparently have an obligatory diapause. 
Anthocorlds usually have five nymphal instars (Slater, 
correspondence. Sands 1957# Hill 1957# Anderson 1958). 
Southwood (1956a) used length of antennal segments as the 
most reliable guide for identifying nymphal instars. Sands 
(1957) used body size, coloration, length of rostrum, and 
antennal segments as distinguishing features of nymphal in¬ 
stars. Anderson (1958) used the pattern of tibial spurs and 
combs, and dorsal setae to separate nymphal Instars in 
Slatophllus sp. B. 
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Most anthocorlds overwinter as adults in protected 
places* Anderson (1958) found that Blatonhllus sp. B. over¬ 
wintered as a fifth instar nymph* 
Bean and Godwin (1955) and Buda (1961) did not find 
parasites of E. inimica* and no parasites of anthocorlds 
have been recorded elsewhere. 
A check of known host plant associations for the genus 
Blatonhllus reveals that they are found on Pinus only. B. 
nlgrloomls (Zett) was on P. evlveatrls (Sands 1957). B. 
pullus on P. ponderosa (Anderson and Belton 1962) and 
Blatchley (1928) described B, plnaphllus* presumably on pine. 
Southwood (1956b), in classifying ovlposition sites of 
terrestrial Heteroptera states that eggs of Anthoooridae are 
embedded in or Intimately associated with living plant tissue. 
A review of all known oviposltion sites for species of antho- 
corids confirms this* Sands (1957)» describing the area and 
act of oviposltion for Blatonhllus nlgrlcornls (Zett), states 
that the eggs are usually laid in young pine needles surround¬ 
ing the stem apex, and that a small semi-circular inolslon is 
made and a flap of epidermis raised beneath which the egg is 
Inserted deeply in the leaf tissue, fhe depth of Insertion 
prevents the formation of a swelling in the epidermis. Most 
species in the genus Anthocorls produce a swelling in the 
epidermis. According to Southwood (1956b) the eggs of antho- 
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corids are elongate with a pale ohorlon, often showing hex¬ 
agonal pattern, The operculum is virtually circular in all 
species except I. nlgrloorals (Zett), where it is elliptical. 
This elliptical shaped operculum is found elsewhere only in 
Miridae. Sands (1957) described the symmetry of the opercu¬ 
lum in E. nlgrioornls as being Imperfectly bilateral rather 
than radial. Anderson (1958) described the operoulum of 
Elatophilus sp. B. as being circular and characteristic of 
the family and of having radial symmetry. It is apparent 
that some variation does exist within the genus. Eggs are 
laid singly. 
Anderson (1958) describes the end to end copulation posi¬ 
tion of Blatophllus sp. B. a® unusual for the family Antho- 
oorldae. 
Davis (1956) reviews the works of Christophers and Oragg 
(1922) as to morphology and functional anatomy of the male 
reproductive system of Olmex leotularus L. in the related 
family Cimlcid&e. Christophers and Oragg showed that the 
olaw-llke appendage of the male, designated by Landols (1868) 
and subsequent workers, as the penis9 was actually the left 
clasper (gonostylus) and that this appendage served as a 
guiding sheath for the true lntromittent organ. Oarayon 
f ■ ; 
(correspondence) ascribes the same function to the clasper 
of most anthooorids. According to Carayon (1957) the integu- 
• • \ • * -A• ***** ** £ v ’-t \ i ■ ■ * ■ v/ 
ment of tha female in the subfamily Anthooorinae is not 
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pierced by the olasper when copulation takes plaoe, but that 
a copulating orifice leads into a sclerotized "copulating 
tube” which provides passage for sperm into a pouch analogous 
to a spermatheca. In the subfamily Lytocorinae, the integu¬ 
ment is pierced and copulation olosely resembles that of Oimex 
(Oarayon 1953). 
Anthocorids are generally classified as predacious 
insects, with some species being partially phytophagous. 
They feed on small insects. Insect eggs, and mites (Anderson 
1958). The belief that anthocorids are non-specific general 
feeders has been more or less disproved by Anderson (1962a). 
He showed that nymphs of Anthooorls sp. reared on preferred 
prey had a higher growth rate than the same species reared 
on unnatural prey in the laboratory and that feoundity varied 
with the quality and quantity of prey consumed by the adults. 
Prey specificity in the family Anthooorldae has been reported 
by other workers also. Sands (1957) states that E. nlgrloor- 
nls (Zett) feeds on aphids only. Anderson and Kelton (1963) 
mention that Anthooorls antevolens in Ontario, Canada, has 
been found developing in Pemphigus galls, whereas in the West 
it is a more general predator of aphids, psyllids, and mites. 
European species of Anthooorls live in very specialized habi¬ 
tats. JL. viscl is known from mistletoe only, where it appa- 
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rently feeds on a psyllid, and Jt* gallarum-ulml develops 
only in the galls of Bylosoma ulmi (Anderson correspondence)* 
Anderson (correspondence) “believes that there is a trend with- 
in the genus Anthoeorls. and possibly within the family, to 
speciatlon based on specialized prey preference. Anderson 
(1962a) states wthe ohoice of prey by Anthoooris sp* depends 
on both extrinsic and intrinsic factors, amongst which the 
following are important* 1) synchronization of the life- 
histories in time and space of predator and prey} 2) relative 
abundance of prey spreciesi 3) ability of predator to locate 
and capture prey* 4) palatabllity of prey; 5) and, (possibly) 
nutrient value of prey**. 
Very little experimentation has been done to evaluate 
the quantitative feeding of anthoeorids. Hill (1957) reported 
A. nemorum as consuming 45*77 aphids per stadium. Collyer 
(1953) reported A. nemorum adults consuming 50 adult females 
per day. Barber (1936) reported Orlus insldlosus destroying 
an average of 38$ of the Hellothis obsolete eggs laid on corn. 
According to Hill (1957) and Anderson (1958), both nymphs and 
adults feed in the same manner. ’When in search of food, the 
rostra, which is normally held against the venter is extended 
horizontally and probes around for prey. The antennae play 
no part in locating food, because unless the tip of the ros¬ 
trum comes in contact with the prey, no attaok results. Hill 
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(1957) and Anderson (1962b) believed a paralytic fluid to be 
secreted by the anthocorlds when feeding. Cannibalism In 
laboratory rearing was reported by Hill (1957) and Anderson 
(1958). Hill found that J.. nemo rum adults will feed on its 
own eggs and nymphs, and that nymphs will feed on other 
nymphs and adults. Anderson observed cannibalism amongst 
nymphs for several speolee of anthocorlds. Because of this, 
he limited the number of individuals to one per cage in rear¬ 
ing. Mallooh (1916), Hoyer (1926), Torre-Bueno (1931), and 
Woodward (1951) all report anthocorlds occasionally biting 
man. There are many reports of anthocorlds feeding on plants. 
Marshall (1930) reared two instars of Orlus lnaldlosus (Say) 
on alfalfa juices. 
METHODS USD PROCEDURES 
Field collecting techniques were adapted to the behavioral 
habits of the various stages of E. inlmlca and to the physical 
characteristics of the trees. 
Materials used were! a fine camels hair brush, white 
paper and transparent plastic drop cloths, and a jar. The 
camelfs hair brush was essential in preventing injury, espe¬ 
cially to the early instars. Since both white paper and 
transparent plastic were very smooth in texture, they pre- 
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vented clinging by the specimens and provided a good back- 
ground for visibility. Any clean jar with a depth of two 
or more inches was suitable as a receptacle for specimens. 
A stiff rubber hose was used for beating the branches. 
The first and second instars were most readily collected 
by cutting and transporting the last 4-6 years growth from 
pine branches to the laboratory where the limbs were jarred 
to dislodge the nymphs onto the drop cloth. 
Late instars and adults were collected from pines with 
low overhanging branches which were beaten and shaken their 
entire length to dislodge the insects onto a transparent 
plastic drop cloth. Climbing was resorted to for higher 
branches where bark flakes of the limb were turned over for 
a distance of several feetf revealing nymphs and adults which 
were brushed into a jar. This latter method was time-cons lim¬ 
ing but effective. 
Ovipositing females were collected by sweeping pine 
needles with a net. 
Ho attempt was made to obtain precise estimates of the 
absolute population density of the predator in the successive 
life stagesf but using the sampling method of Luda (1961) data 
on the relative numbers of predator and prey were obtained. 
The latter technique allows valid estimates for only a part 
of the life cycle of the predator since there is a migration 
13 
away from the terminus of the branches In later Instars 
which are not sampled• 
, 
Hearing Techniques 
The type of rearing cage used and Its construction were 
adapted to the behavior and habits of E. Inlmloa. 
1 stender dish 37 mm In diameter and 25 mm In height 
with filter paper fitted tightly to the bottom, to prevent 
the Insects from crawling underneath, was used as a cage* 
The filter paper facilitated crawling of the Insects and 
absorbed added moisture. Small bark flakes were added to 
each cage which gave nymphs and adults a needed place to 
hide when they were not feeding or in search of food. 
Rearing was unsuccessful unless suitable hiding places were 
available. No cover was needed on cages containing nymphs. 
Small pieces of nylon stooking, held by rubber hands, were 
used to prevent adults escaping from the cages. 
All laboratory experiments were conducted in cages as 
described above. Each cage contained one Individual, which 
assisted in recording molts, oounting the number and stages 
of S* yeslnosae consumed, and in preventing cannibalism. 
Various stages of M. reslnosae were utilized as food. 
An abundant supply of J£. reslnosae was usually available In 
the field. The first and Intermediate stage larvae, and 
ovisacs of M. reslnosae were most easily obtained and usually 
offered as food. 
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Mortality In rearing was due mainly to the inability of 
nymphs to complete eedysis. 
Due to the time involved in procuring different stages 
of yesinosae as prey for laboratory rearing, the number 
of replicates per experiment was limited. 
Hymnhal Instars. - Young nymphs, presumably in the first 
instar although some may have been In the second lnstar, were 
collected in the field and put into rearing cages. An ample 
amount of food was supplied. At a definite hour dally, the 
cages were cheoked and the number of molts were recorded. 
Mating. - Hating experiments in the laboratory revealed 
the necessity of isolating males 3-5 days prior to mating to 
allow time for elicitation of normal mating behavior. Females 
were reared from nymphs In the laboratory and isolated prior 
to and after mating to avoid the possibility of multiple mat¬ 
ings. Several males were used to mate more than one female. 
The onset and termination of copulation was recorded with the 
total time In copulation being called the “time in mating 
position”. 
Feoundlty. - The number of eggs laid were recorded daily. 
Because of inadequate time and difficulty in collecting food, 
the observations made in 1964 do not give a true indication 
of the full feoundlty of E. inimloa. They do provide some 
value for comparison of reproductive capacity with limitation 
- 15 - 
la numbers of suitable prey. Due to the difficulty In collect¬ 
ing crawler stage, of the .cal. In sufficient numbers, the 
June 1964 experiments Inched food for 2-3 days before the first 
eggs were laid, and the August experiments were terminated 
because of inadequate time. |j|jj Bennonses. - Qualitative experiments In the labora¬ 
tory and observations in the field end laboratory were con¬ 
ducted to determine which stages of M. EftHWtti W9re most 
susceptible to and most heavily fed upon by this predator. 
Quantitative studies were undertaken In the laboratory 
to determine the rate of consumption of the first and Inter¬ 
mediate stage larvae of the scale. Every day a number 
first and/or Intermediate stage larvae were added to each 
sage. The following day the number of each stage consumed 
was recorded. A scale was considered consumed If more than 
half Its body oontents had been emptied. All stages not 
consumed were removed and new specimens Introduced. The 
different lnstars of the predator were noted. 
Preaervo-tion of Specimens 
Adult specimens were pinned on points to facilitate 
taxonomic study and measurements. Hymphs were preserved 
In 80# alcohol and mounted on slides In balsam, Euparol, and 
Elvanol. Eggs were mounted In balsam. Mounting of eggs 
involved soaking the eggs for half hour intervals successively 
16 
.v, ... 
In absolute alcohol* equal parts absolute alcohol and oil of 
wlntergreen* and oil of wlntergreen prior to mounting. 
eXPKRIWSHTAI,. RSSUX TS 
Recognition Characters 
Hyaphs. The nymphal instars were differentiated in the 
field and laboratory by variations in coloration and morpho¬ 
logy (Table 1). Humber of Instars first determined in the 
laboratory by count of oast skins. Distinguishing characters 
are as follows t Stadiums I and II are separated by differences 
in size and shape of the 4th antennal segment* eye and body 
coloration* scent ^glands, and body length. Stadium III is 
easily separated from the second by the presence of wing pads 
and a white line on the first and second abdominal segments. 
Stadiums IV-VI are separated from the third by the well deve¬ 
loped wing pads which extend to the apex of the second 
abdominal segment. 
Anderson (195B) differentiated stadia in Klatonhllus 
sp. B. by the number of spurs and combs on the tibia and by 
dorsal setae on the abdomen. These characters were not fea- 
■; ; A v V *■ -A .2.’’ . v. T * • . 1 ' • . \ 
sible to use for ready identification in the field. 
Adults. The females are larger than the males (Table 
2). The hemelytra seldom reach the tip of the abdomen and 
never extend beyond the abdomen. The abdomen is broad and 
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Table 2. The Length of Antennae and Body of Ten Males and 
Ten females of Pinned Speoimens of 1, lnlmlca. 
Body Part Male 
mm 
female 
mm 
Antennal Bangs Av. Bange Av. 
Segments 
I .136-.204 .187 .170-.238 .194 
II .476-.578 .530 .612-.748 .679 
III .238-.306 .277 .306-.408 .348 
IV .272-.340 .302 .289-.374 .338 
Head 
Length .476-.612 .541 .570-.680 .655 
Width .408-.476 • 442 .408-.476 .449 
Prothorax 
Length 
K'V
 
•
 
1
 
VO
 
o
 
•
 .343 .408-.476 .425 
Width •816-.986 .891 .782-.986 .921 
Total Body 
Length 2* 4484-2 • 822. 2.618 2.720-3.570 3.185 
Width 
✓ 
« 442*.884 .649 .680-1.088 .9122 
rounded (Fig. 1)# the eyes smell, the ocelli Inconspicuous 
and widely separated (Brake and Harris 1926)* Table 2 
supplements the original description of 1. inlmlca which was 
described from a single female specimen. 
The hemelytra in the males extend beyond the apex of 
the abdomen, which is narrowed and tapers to a rounded point 
(Fig. 1). The eyes are large, the ocelli large, conspicuous, 
and closer together than in females. The right olasper is 
absent. The left olasper is gently curved (Fig. 2) and grooved 
along its entire length to serve as a guiding sheath during 
introduction of the non-sclerotized irtromittent organ. 
lg%s. The egg of E. inlmlca is white to translucent, 
elongate, and ovoid with neck slightly upturned. The chorion 
lacks reticulations. The average length and width in mm of 
seven eggs was 0.651 (.621-.676) and 0,207 (.174-.239) respec¬ 
tively. The operculum is elliptical in shape, concave, and 
its symmetry is imperfectly bilateral rather than radial. The 
follicular pits of the operculum resemble a distorted honey¬ 
comb, are not separated into an outer ring and central area. 
The peripheral rim or head of the chorion is well developed 
only on the dorsal side and striated throughout. Sands (1957) 
gives a somewhat similar description for the egg of S, 
nlgrioornls (Zett). 
Pig. 1. Adults of 1. inlmica. Hale left. 
female right. 
Pig. 2. Kale terminalia of E. inlmica. 
A = left clasper. B = non-solerotized 
intromittent organ. 
18 - 
BIONOMICS 
Distribution and Hosts 
The distribution and abundance of E. lnlmloa. as with 
most insects* appears to be correlated with host plants which 
provide the certain behavioral stimuli, ovlpositional sub¬ 
strate, and suitable prey. See Pig. 3 for geographic dis¬ 
tribution. 
E. lnlffllo* was found on three species of Pinus and not 
on any other plant genera. 
All species of Elatonhilus?. for which records are adequate, 
are associated with Pinus. The host plant may be an important 
factor In determining distribution, but of greater importance 
is the presence and abundance of suitable prey on these plants. 
It was found on P. resinosa only in association with populations 
of M. reslnosae. and its population levels were correlated 
generally with infestation levels of M. reslnosae. Non- 
inf ested trees in scale-infested stands yielded no predators. 
In two isolated situations E. lnimica was found not 
associated with M, reslnosae. Very low numbers were associ¬ 
ated with an old infestation of Matsuoooous galllcolus on Pinus 
rigida on Cape Cod, Massachusetts, and on a single tree of an 
unidentified variety of Pinus sylvestrls in association with 
mites and aphids, but apparently lacking Matsucooous sp., in 
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Stamford, Connecticut. This tree stood alone In an opening 
surrounded by red and Scotch pines. The red pines were in¬ 
fested with M. resinosae and had a heavy population of E. 
lnimloa. The Scotch pines had neither scale Insects nor 
predator. The presence of nymphs and adults on this single 
tree for two generations suggests that reproduction had occur¬ 
red on the tree. 
Isolated infestations of M, resinosae in New York, 
Connecticut, and New Jersey had heavy populations of E. 
lnimloa. The area surrounding the New Jersey infestations 
had red pines that were not Infested with M. resinosae. but 
were heavily infested with Fhenacaspls plnlfolla. the pine 
needle scale, or Plneus |Bp. No. E. lnimloa were found on 
these trees. ' 
Feeding Habits 
Observations on the feeding habits of E. inlmloa revealed 
a high degree of specifioity in prey selection, the mode of 
/ 
searching for food, cannibalism in laboratory rearing, the 
possibility of Its being phytophagous, and the tendency to 
bite man when the oooasion presents itself. 
Laboratory and field observations Indicate that M. 
resinosae is the preferred prey of E. lnimloa. In laboratory 
experiments lacking M. reslnosae. one nymph was observed feed- 
ing on Florinla externa. the hemlock scale, and attempting to 
feed on an aphid where several species of aphids9 a psyllid 
and a soale Insect were available. In an intensive field 
survey E. inimica was found on red pines only when infested 
with M. reslnosae. The predator was found on two other species 
of pines, but in very low numbers. Five specimens were col¬ 
lected from P. rlslda Infested with Katsuooocus gallloolus. 
but apparently lacking H. reslnosae. The specimens of 3. 
inimica collected from the single P. svlvestrls apparently were 
subsisting on mites and aphids. 
When in search of food, the rostrum is extended horizon¬ 
tally or vertically into crevices depending on the depth of 
the area being searched. The rostrum is Inserted when it comes 
i t • v \ ■ i,‘... * ,» . v 1 ‘ i T ' ' ' . I ' » 
\ I ’ . .'v'V' * \*v - : •' / . * % > •: 4 • . .x .• :• ,-f . 
in contact with suitable prey. Many nymphs and adults were 
observed touching suitable prey and even walking over such prey 
while in search of foodj yet no feeding response was noted 
until the tip of the rostrum came in contact with the prey. 
' ' ' 
Unattached prey were often carried on the tip of the rostrum 
or wedged Into an Immovable position during feeding. 
Oannlbalism occurred frequently in laboratory cages when 
more than one nymph or adult was present. Weakened nymphs were 
the only ones attacked by other nymphs and adults. Oannlbalism 
was not observed in the field. Adults were not observed feed- 
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ing on other adults, or on their own eggs* Hill (1957) 
reported A. nemorum adults feeding on its own eggs. 
An adult of ]2. inlmloa was observed apparently feeding 
on a red pine needle. Under microscopic observation, the 
secretion of a fluid from the rostrum was noted during probing. 
Hill (1957) and Anderson (1962b) mention anthoeorids secreting 
a paralytic fluid to subdue the movements of prey. 
On one occasion, while collecting in the field, I observed 
a nymph biting and apparently feeding on my arm. The bite 
\ . .\%V. a f ■ * 
elicited a sensation of pain with no after effects* 
Behavior 
While not in search of food or feeding, 33. inlmloa is 
cryptic In habit either because it has negative phototatlc 
and/or thlgmotatlc responses* The host plants provide hiding 
places under loose flaky bark. In the field, the first and 
second nymphal instars were most abundant near the terminal 
part of the branches* Although bark flakes are more tightly 
appressed in this region, the nymphs are small enough to crawl 
underneath them* Later Instars were most abundant several to 
many feet from the terminus, where the bark flakes and crevices 
are larger and not so closely appressed to the branches* The 
last nymphal instars and adults were most abundant close to 
the base of the branch where the large, loose bark flakes are 
common. 
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Since E. inlmloa migrates towards larger, looser baric 
flakes during development, field collecting methods were 
modified, depending on the stage sought, to give best results 
as described earlier. 
life History 
E. laimica has two generations a year. It overwinters as 
an egg. Nymphs appear usually in mid-May, with full develop¬ 
ment to adults occurring mid to late June. This may be termed 
the first generation. The eggs of the second generation are 
laid late in June and July and hatch through July and August. 
Adults of the first brood first appear in late August. Eggs 
laid subsequently remain in this stage over the winter. The 
entire life oycle for a year is shown in Big. 4. 
Nymnhs. The nymphs pass through 3-6 instars during deve¬ 
lopment (Table 3A). Nymphs were collected in the field and 
introduced into laboratory rearing cages, thus variable 
numbers of nymphs were used for studies of each instar. The 
/ 
ages of the nymphs when collected were determined by the 
characters listed in Table 1. It is possible that some of 
the nymphs collected were one or more days along in the first 
instar or possibly even attained the second instar, because 
of similarity between new molted second instars and late first 
Instar nymphs. 
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A total of 45 nymphs developed to the adult stage. The 
majority of nymphs (39) transformed Into adults from either 
-?• ’ ■! * T • ‘ -4 • ! -I • t *■ ' • 
the 4th or 5th lnstar (Table 3A). Four transformed In the 
third and two In the sixth. This wide range in the number of 
nymphal instars may not be characteristic of the natural popu¬ 
lation. 
Since most of the nymphs reach maturity in the 4th or 
5th instarf the typical nymphal period requires about 28-33 
days or approximately one month (Table 33). During recording 
of data in Table 33 it was observed that nymphs which passed 
quickly through an instar usually spent a longer period in a 
later lnstar. The opposite was also true. 
These results coincide closely with the data obtained from 
field collecting. There is a greater variation in the appea¬ 
rance of nymphal stadia in the second generation, however, ow¬ 
ing to the differential of maturation, mating, and ovlposltlon 
of the earlier generation. In the second generation, first 
instar nymphs still occurred in collections 3-4 weeks after 
the nymphs first appeared. Some late instar nymphs were 
found in September. 
Adults. Adults of the first generation begin to appear 
the latter half of June. Males predominate for several days. 
Peak abundance is reached by the end of June and most of the 
adults have disappeared by the second week in July. Adults 
Table 3. (A) The Humber of lusters (of E. lnlmloa) 
Preceding Adulthood and (B) The Humber and 
Length of Instars of E. lnlmloa Bhder 
Laboratory Conditions. 
• • ' t . * -• . • 
Nymphal 
stadium 
A 
Ho. that molted 
Into adulthood 
Range 
in days 
III 4 5-20 
IV 26 7-17 
V 13 5-12 
VI 2 8-10 
|f.' b .-v; 
Instar No. of Av. Range 
Individuals 
I 61 4.75 1-11 
II 25 5.96 3-12 
III 44 6.27 1—20 
IW 41 7.61 3-17 
V 17 8.71 5-12 
VI 2 9.00 8-10 
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of the second generation first appear in the third week of 
August and persist in very low numbers well into October. 
Population. No evidence of courting was observed preced¬ 
ing copulation. Kales displayed mating behavior only when 
they contacted females with their antennae. When mating, the 
male mounts the female and Inserts the grooved clasper, which 
serves as a guiding sheath for the Insertion of the non- 
sclerotized intromittent organ (Pig. 2), into the copulating 
tube. This is typical for the subfamily Anthocorlnae (Carayon 
1953). After insertion of the clasper and Intromittent organ, 
the male makes a clockwise turn and assumes an end to end 
position with the female (Pig. 6). The wlngtips of the male 
are usually bent upwards from pressing against the abdomen of 
the female. This agrees with Anderson^ (1956) description of 
mating of E. sp. B. The female drags the male around until a 
suitable resting place is found. During movement, the male 
grasps the abdomen of the female with his metathoracic legs 
for support. 
In the absence of bark flakes which provide suitable 
resting places In cages, the females seldom stopped searching 
for a resting place, and attachment was soon broken. 
Laboratory experiments revealed that both males and 
females are polygamous. One male mated with two females in 
slightly less than 24 hours. One of these females laid 10 
, ’ft. , : 7 ..*■ Vfj, ; 
' ' V^.r 
■I V r:***#**^ v .■ 
' \- .1 v iu»v ' l* 
'‘v' 
M: . " r. 
ft * • • j ■■ 
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eggs and the other 7 eggs. Anderson (1958) observed multiple 
mating among newly emerged females of E. sp. B. Males of S. 
inlmlca were not reproductively functional until several days 
after maturation. This early appearance of males is common 
among anthocorids and many other Insect groups. 
The onset and termination of copulation in laboratory 
experiments with suitable resting sites ranged from 45 minutes 
to 6 hours and 35 minutes with an average attachment of 1 hour 
and 57 minutes (Table 4). About one fourth of the pairs con¬ 
tinued in co-pula for less than one hour. 
.Fecundity. Laboratory experiments were conducted on 
three generations of females to determine oviposition rate 
and capacity. Rate and capacity of oviposition as expected 
was definitely associated with food availability prior to and 
during egg laying (Table 5). Group A had an ample supply of 
food throughout life. Group B had ample food up to two days 
before the first day of egg laying and very little thereafter. 
Group 0 had ample food up to the first day of egg laying and 
none thereafter. Results show group A having the highest 
capacity, about 20 per female. The other two groups had a 
significantly lower capacity in line with food shortage. It 
can be presumed that a shortage of food in the field would have 
a similar effect. Since the eggs are normally laid in the 
needles, the absence of needles in the cages may have reduced 
oviposition. Therefore, it can be assumed that 33. Inlmlca 
fable 4, The Period of Attachment During Copulation 
of 19 Pairs of S, inimica. 
Eo. of pairs in copulation Period of attachment 
Hours 
5 1 
7 1-2 
5 2-3 
1 
1 
ca, 3*2 
ca. 6.5 
Table 5. Oviposition of E, Inlmloa Under Laboratory 
Conditions Lacking Suitable Oviposition 
Sites (three different generations). 
A(8-63) B(6-64) 0(8-64) 
M. 
2ges Lays Eggs Lays Eggs Lays 
' '•Jr. i 
15 5* IT 5 8 1 
13 10 11 
\ V. ''•!*! ' 1 ; v 
4 V 11 2* 
39 12 14 4 7 1 
27 22 14 3 9 1* 
7 3 10 1 
16 8 8 1 
Total 117+ 60 59 16 53 10 
Av. per 
female 
19.5+ 10+ • 
•^Escaped 
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has a higher fecundity than the maximum average of 20 per 
female attained in the laboratory. One female laid 39 eggs 
in a 12 day period under laboratory conditions. 
The time between mating and first egg laying for females 
in Groups A, B, and 0 was also determined (Table 6). It takes 
about one week for the first egg to be laid after mating. 
Ovlposltlon Sites. The eggs of E. inlmioa are normally 
laid in needles, as are the eggs of other coniferous-inhabiting 
anthocorids. 0. Motyka, who Initiated this study (see acknow¬ 
ledgments), found several eggs, presumed to be those of B. 
inimiea, underneath bark flakes, especially around the nodes. 
He did not observe eggs in the needles. Eggs laid on bark 
flakes and filter paper in the laboratory failed to hatch. 
The eggs are typically laid in the flat surface of the 
needle. Occasionally an egg was observed in the rounded edges. 
Unlike J*. nlgrlcornla (Zett) (Sands 1957), eggs are rarely 
laid in the outer half of the needle. Eggs are deposited 
horizontally in the mesophyll tissue of needles. Ho eggs were 
inserted into the endodermal tissue of the needle (Pig. 9). 
The overwintering eggs, oviposited in the late summer, 
are preferably placed in young needles. Females ovipositing 
in the laboratory apparently use the rostrum and ovipositor 
in selecting oviposition sites. They probe the needle with 
their rostrum and tip of ovipositor. Once site selection is 
Table 6. lays Between Mating and First Egg Laying of 
B. lnlmlca. 
A(8-63) B(6-64) 0(8-54) 
Ho. of days 13 4 8 
8 ' . 4 7 
5 4 6 
6 6 6 
6 7 
10 7 
Total 48 18 41 
Av. no. of days / 8 4.5 6.8 
.Hypoderm 
Fibrovascular 
le 
JVIesophyll 
Endoderrai 
Resin 
canal. 
(Fig. 9) Diagrammatic cross-section of red pine 
needle, Pinus resinosa Ait.( after Harlow 1931) 
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completed, the female, clinging to the edges of the needle with 
the tarsi, inserts the ovipositor its entire length, and ovi¬ 
posits a single egg. As many as five eggs are laid in 10 
j 
minutes. About one minute is required to deposit a single egg. 
After the ovipositor is withdrawn, the operculum of the egg is 
visible at the needle surface. 
When the egg is first laid, there Is no apparent swelling 
of the needle. As embryonic development, or absorption of 
moisture, takes place, a distinctive swelling of the needle 
results (Pig, 7). Late in embryonic development the needle 
tissue surrounding the egg turns a reddish-brown color. 
Swelling and discoloration of needle tissue has been reported 
with many species of anthocorids. 
The upturned operculum protrudes at almost a right angle 
to the needle surface and is partially covered from above by 
a flap of plant epidermis. The shape of this flap suggests 
that it is formed by the ovipositor (Fig. 8) as it is inserted 
into the needle. Sands (1957) gives a somewhat similar des¬ 
cription for ovlposltion by E. nlgrlcornls. The serrated 
ovipositor penetrates the needle easily. This may be because 
the hypoderm of ?. reslnosa has a thickness of one cell only. 
Eggs. Overwintering eggs (eggs of second generation 
adults) were first observed in late August. None of these 
eggs hatched, so presumably were in diapause. These eggs do 
Fig* 7. Eggs of E. Inlmlca in position 
in a pine needle showing enlargement of 
needle tissue. Greatly magnified. 
t 
Fig. 8. The ovipositor of B. iniraica 
Bhowing the serrated edges. 
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not hatch until spring* Eggs collected in aid-winter showed 
some embryonic development. First generation eggs are 
deposited from late June to mid-July. On the basis of field 
collections these eggs require 3-4 weeks to develop and hatch. 
Ill eggs laid under laboratory conditions failed to 
hatch, apparently due to desslcation, since they were not in 
the needles. 
Eggs in needles collected March 1 and kept fresh, began 
to hatoh on March 19# 1965* 
Population Dynamics 
Population densities of E. lnlmlca varied with different 
prey insects and abundance of prey. Highest populations of 
the predator were on red pine trees infested with M. reslnosae. 
Over 600 individuals were collected in one and one-half hours 
from three branches on a red pine infested with M. reslnosae. 
Only several individuals were collected from P. rigida and P. 
sylvestrls apparently lacking M. reslnosae. 
Intrinsic Factors. Observations indicate that the intrin¬ 
sic factor most important in determining population numbers of 
E, inlmica is the high degree of host speclfioity exhibited 
towards M. reslnosae (See Distribution and Host). Table 7 
shows the rise and fall in numbers of this predator with a 
rise and fall in the numbers of a prey population. Data used 
Table 7. Populations of M. reslnosae and E. lnlmlca on 
Trees In Plot 4, Stamford, Connecticut (Dude, 
unpublished) 
Date Intermediate 
larvae 
Ovisacs S. inimica 
nymphs 
June I960 0 1 0 
June 1961 7 8 1 
June 1962 211 424 6 
April 1963 2050(1st stage) - 
May 1963 71 0 441 
June 1963 1 0 14* 
June 1964 2 7 0 
* In June 1963 many anthocorid nymphs were found dead, 
presumably from intra-specific competition, 
- Stage not present at this time of year. 
v 
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In Tables 7 and 8 are not exact, because the sampling techni¬ 
que used does not measure adequately the predator population 
during June. The May data are considered a true indication 
of the predator population levels. Table 7 shows a decline 
in the predator population with the reduction of the prey 
population. It is significant that in June 1963 (Table 7) when 
the prey had been virtually eliminated, many nymphs of this 
predator had died, presumably from intra-specific competition. 
The bivoltine nature of the predator is a plus factor in 
building up population levels. But observations (see Feoundity 
P. 25) In this study indicate that fecundity varies in each 
generation with the quality and quantity of suitable prey 
which is available. This bears out Andarson*s (1962a) findings. 
The rise in the predator population as shown in Table 7 and 
the decline of these populations (Table 7 and 8) lends some 
validity to this finding. 
All observations on the dispersal ability of this preda¬ 
tor indicate it to be a limiting factor in the wide distribu¬ 
tion of populations. Since the nymphs are wingless and the 
adults are not strong flyers, the dispersal powers are 
relegated to crawling and short flights respectively. The 
smaller male is a better flyer than the female, because of 
larger wings in relation to his body size. Laboratory observa¬ 
tions revealed that adult males did not fly more than 10 feet 
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without alighting, and females were barely able to get into 
the air before losing altitude. However, it may be that in 
their natural environment, from an advantageous position with 
aid from the wind, these adults could be carried a considerable 
distance. Adult flights described by Anderson (1962a) for 
Anthocorls sp. were not observed with E. inlmica. 
Cannibalism was observed in the laboratory, but not in 
nature. Cannibalism, if it does occur in nature, could possi¬ 
bly have an effect on populations. 
Extrinsic Factors. The only extrinsic factors observed 
or studied which may limit populations of this predator were 
biotic. 
Spiders were observed feeding on E. inlmica nymphs end 
adults. An egg parasite Ana^rus armatus (Ashmead)(Mymaridee* 
Chaleldoidea) attacks E. inlmica. This parasite was recovered 
from eggs collected at Stamford, Connecticut in March 1965. 
No attempt has been made to estimate the percentage of para¬ 
sitism of eggs of E. inlmica in the field. This parasite is a 
oommon egg parasite of Hemiptera. Peok (1963) in his “Catalo¬ 
gue of the Nearaotic Chaleldoidea” does not list A. armatus as 
^ '-V-- ''*• ' --r "■ 3*; ' • vi- _ t$v*. ’ ^ • y • ' * V■ " -£ • \ . 
attacking Anthocoridae. 
The effects of physical factors were not evaluated. 
A ‘ ' 'i* *i Jf ' i. j • ' 'V* V‘l . V . »' t ’ ' . 
Efficiency as a Predator 
Field studies indicate that predation by E. inlmica is 
the most important biotic factor affecting the population 
H 
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levels of Katsucoocus reslnosae. 
This study has revealed E. lnimlca to exhibit a high 
degree of host specificity for M. reslnosae. Host specificity 
can be fudged by Anderson’s (1962a) five intrinsic and extrin¬ 
sic factors affecting prey suitability in Anthocorls sp. 1) 
A synchronization of life-histories in time (see Figs. 4 and 
5 for comparison) and space exists between predator and scale. 
Both have two generations per year with a favorable degree of 
overlapping occuring in their life-histories, and the predator 
is found in the same geographic areas as the scale, 2) the 
scale is one of the most abundant prey species associated with 
the predator, 3) the predator successfully locates and preys 
on all non-flying stages of the scale, 4) the prey was readily 
accepted in laboratory tests and prey and predator are associ¬ 
ated in the field, 5) the nutrient value of the scale is shown 
by development of the predator feeding on It in the laboratory 
and the large populations resulting when the predator is in 
association with M. reslnosae in the field. 
Observations revealed the egg, first and intermediate 
stage larvae of M. reslnosae to be the most susceptible to 
attack and the most heavily fed upon by E. inlmlca. All other 
scale stages except the winged adult male were fed upon also, 
however. The rostrum of the predator had no difficulty in 
penetrating the waxy filaments surrounding the eggs and male 
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cocoons and through the dermal layer of the first and inter¬ 
mediate stage larvae when feeding. This predator has a vora¬ 
cious appetite especially in the nymphal instars. Single nymphs 
and adults emptied an ovisac containing an average of 300 eggs 
in one to two days. One nymph completely emptied an inter- 
t. * ' W. • ' f •» x" t' * * ‘ -j * V*’ r t V*5 ’■ .. . ‘ r 
mediate stage of body contents in 1 hour and 40 minutes. A 
nymph almost emptied the body contents of a pre-adult male in 
30 minutes, and two nymphs disposed of a medium-sized inter¬ 
mediate host in 50 minutes. 
The predator’s potential to reduce population levels of 
M. reslnosae in its natural environment is suggested in Tables 
7 and 8. These tables show quantitative field data for the 
scale and predator populations, but as mentioned earlier (pgs. 
11 and 29) this sampling technique does not give a true indi¬ 
cation of the predator population throughout its life cycle. 
An important factor to note here is that a high percentage of 
mortality occurs in the overwintering sessile stage of the 
scale due to physical factors. Duda (1961) reported winter 
mortality of the sessile stage on four study areas In 1960-61 
to range from 96.34 to 99.84^. 
Prom data presented in Tables 7 and 8, and observations 
on other study areas, there appear to be two ways in which 
this predator can maintain M. resinosae below damaging levels 
for a short period of time. 1) When a high percent of winter 
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mortality occurs in a scale population (cf. 1960-61 data 
Table 8), preceded by a population build up of the predator, 
with sufficient numbers of the predator to significantly 
reduce the remaining scale population, or 2) when an average 
winter mortality in a scale population occurs (cf. 1962-63 
data, Table 7), preceded by an extremely high build up in 
the predator population sufficient to reduce the scale below 
damaging levels. Tables 7 and 8 show the scale population 
remaining below damaging levels for three and two years respect¬ 
ively, but in these areas the scale populations are now 
approaching damaging levels again. It is important to mention 
here that in areas where the predator has been given credit 
for controlling the scale below damaging levels, all of the 
trees do show some damage. 
An attempt was made to evaluate quantitatively the Inter¬ 
action of well established predator and prey populations on 
three trees in Stamford, Connecticut (Table 9)* The over¬ 
wintering mortality was not recorded and sampling in August 
was too late to record peak abundance of the predator on that 
part of the branch from which samples were taken. Some of the 
scale population had advanced into the intermediate stage 
larvae, so a comparison with the previous year’s sampling is 
not accurate. Regardless of the accuracy, this plot reveals 
that the predator did not hold the* soale in check within the 
period of study. There could be three reasons for the 
predator's failure, 1) low overwintering mortality of the scale 
2) influx of the scale from surrounding infested trees, 3) and 
possibly, too short a period of observation to discern and 
measure the buildup of the predator population. Further study 
• • j - .. •, . - *_ ■ t*'. .•« . * . 
is desirable to ascertain if the predator will control the 
scale on these trees. Of further interest is whether or not 
the predator will be successful in keeping populations of the 
scale below damaging levels in areas which are becoming repopu¬ 
lated. 
An attempt was made to study quantitatively in the labora¬ 
tory, the predator’s consumption of the first and intermediate 
stage larvae of the scale (Table 10). The experiment was con¬ 
ducted for a 30-day period* When the experiment was started, 
one nymph was in the first instar and two nymphs were in the 
third instar. The first Instar nymph died after reaching the 
third instar and was replaced with another nymph in a compar¬ 
able stage of development. The two nymphs that were in the 
third Instar at the start became adults. One of them molted 
from the 4th instar to an adult and the other from the 5th in¬ 
star to an adult. The substitute nymph reached the 4th instar 
before termination of the experiment. The equivalent of three 
predators were used in the experiment with a total consumption 
of 127 scales. It may be assumed that the predator's consump¬ 
tion is much higher in Its natural environment. It appears 
Table 8. Populations of F. reglnosse and E. inimica 
on Trees in Plot 1, Easton, Connecticut 
(Buda, unpublished). 
Date Intermediate 
larvae 
Ovisacs E. inimiea 
nymphs 
June I960 67 372 ns 
May 1961 0 0 108 
June 1961 1 
•. ■ • - ' ;• 0 8 
June 1962 
toj . ' + \ '■ . v 
1 0 0 
June 1963 2 0 0 
Table 9. Interaction of E. inlmlca and M. resinosae 
Populations on Three Trees in Stamford, 
Connecticut. 
Date 1st stage 
larvae 
Intermediate 
larvae 
E. inimlca 
nymphs 
7-30-63 1474 0 65 
12-13-63 5201 - - 
714 225 16 
- s Stage not present at this time of year. 
Jr . c- ■ \4f % v' ' . V .. 
?'$ . ’• \ 
Table 10, Quantitative Feeding Results. 
Matsuooccus resinosae Consumed 
E. inimlca 
stages 
’• 1’ " ;/ ' : \*, V. ' 
1st stage 
larvae 
Intermediate 
larvae 
Days 
I-II instars 23 0 9 d 
III instar 34 0 15 
IV instar 33 22 28 
V instar 2 3 10 
Adults 3 5 17* 
Total 97 30 79 
d s died in 3rd instar and replaced with one in comparable 
stage of development. 
* = 2 adults 
■ V* ■ . - 
, 
VS" : '•{■• ■ vsi • •■ ■■■ ; 
ir: ■ ' - ' - ■ v t V f < 
i »‘2? 
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from this test that adult consumption is less than nymphal 
consumption. This may be because one of the adults, a male 
was reproductively active for ten days during the study, and 
that the other adult, a female, was not mated, which may have 
affected food consumption. 
DISCUSSION 
Certainly the distribution, host speoifioity towards, and 
synchronization of life cycle in time and space with M. 
resinosae can be considered plus factors for E. lnimloa. 
as they would for any biotic agent. But like many predators, 
it appears to be density dependent on this specific host and 
Its fecundity, even under the most favorable conditions, can 
hardly be expected to approach that of M. resinosae. 
It may be assumed that predation by E. lnimica adds 
significantly to the high mortality of M. resinosae. Prom 
this study, there appear to be two factors involved if this 
predator is to be successful in keeping scale populations below 
damaging levels. Appropriate time and abundance of prey are 
needed for this predator to build populations high enough to 
effect significant control and the interplay of other morta¬ 
lity factors are important. Control by the predator is most 
evident when the overwintering mortality of the scale, attri¬ 
buted to physical factors, is high enough to enable the preda¬ 
tor to significantly reduce the remaining scale population. 
- 36 - 
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Of significance here is the knowledge that E. lnlmlca 
preys most heavily upon the first and intermediate stage 
larvae of the scale. It is in these settled stages that 
the scale suffers the least mortality from environmental 
conditions and Intraspecific competition. A reduction in 
these stages limits the number of adult scales that are 
available for reproduction. The two examples cited (Tables 
7 and 8) represent high predator populations feeding on 
first and intermediate stage larvae. 
A review of the history of the scale infestation on 
Plot 1 in Easton, Connecticut is important. This plot has had 
periodic infestations of M. reslnosae since 1950. Many trees 
in this plot show signs of damage, but very little mortality. 
Although quantitative data on scale population have been kept 
only since I960 (Table 8), the decline of the scale popula¬ 
tion below damaging levels can be attributed in part to the 
predator. One can speculate and attribute the same reasons 
to the decline of the scale populations for the previous ten 
years. As can be seen in Tables 7 and 8, these areas were 
being repopulated in 1964. An important question that should 
be investigated is, how quickly can the predator cope with 
this repopulation and keep it below damaging levels? 
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The taxonomic position of 32. lnimica was clarified. 
j * 
t • V I . . • 
Recognition characters were established for field 
identification of males and females, and the various 
... • 
instars* 
l 
The distribution and abundance of E. lnimica appears 
to be correlated with the presence of preferred prey on 
plants which provide the necessary behavioral stimuli, and 
ovipositlonal substrate. E. lnimica was found on three 
species of Plnus and not on any other plant genera. It 
was found on P. resinosa infested with populations of 
Hatsuooceus realnoeae and its abundance level could be 
correlated with the infestation level of M. resinosae. E. 
lnimica was found in very low numbers on Plnus rlglda and 
on an unknown variety of Plnus svlvestrls apparently lack- 
lng M. feslaggae. 
Observations on the feeding habits of E. lnimica 
revealed specificity in prey selection, the mode of search¬ 
ing for food, cannibalism in laboratory rearing, the possibl- 
lity of its being phytophagous, and the tendency to bite man 
on occasion. 
E. lnimica is cryptic in habit when not in search of 
food or feeding. It migrates away from the terminus of the 
branoh during development. 
There are two generations annually. Urst generation 
eggs are the overwintering stage. lymphs of the first gene- 
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ration appear about mid-Kay* Second generation nymphs begin 
to appear the latter part of July. The average nymphal period 
is about 4 weeks* Adult life span is 2-3 weeks* Copulation 
is necessary for females to reproduce* Both males and females 
are polygamous. The reproductive rate is greatly reduced when 
preferred prey is unavailable for adult consumption. Eggs are 
oviposited singly and horizontally Into needles with swelling 
of the needle occurring as the embryo develops. Overwintering 
eggs are preferably placed in young needles. 
Populations of E. lnimlca vary with different prey associ¬ 
ations and abundance of the prey. Observations Indicate that 
the intrinsic factor promoting and limiting populations of E. 
lnimlca is the high preference exhibited towards M. reslnosae. 
The only extrinsic factors observed or studied which might 
limit populations of this predator are biotic. 
Held studies indicate that predation by 32. inimioa is 
the most Important biotic factor affecting the population levels 
of reslnosae. Observations revealed the egg, first and 
intermediate stage larvae of reslnosae to be the most 
susceptible to attack and the most heavily fed upon by E. 
inimioa. This predator is apparently density dependent on M. 
reslnosae. There appear to be two factors Involved if this 
predator is to be successful in keeping scale populations below 
damaging levels. Appropriate time and abundance of prey are 
needed for this predator to build populations high enough to 
• 39 «? 
effect significant control, and the interplay of other 
■ 
mortality factors are important. Control by the predator 
is most evident when the overwintering mortality of the 
scale* attributed to physical factors* is high enough to 
enable the predator to significantly reduos the remaining 
scale population* 
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